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THE  EITECT  OF  FROST  ON  CONCHETE. 

In  selecting  the  subject  of  this  thesis,  the  o"bject 
was  to  enter  a  field  which  had  not  already  "been  too  greatly 
drawn  upon.   Invest  igation  showed  that  the  effects  of  frost 
upon  concrete  were  not  ver;>'  generally  tabulated,  and  that  not 
much  data  was  available  on  this  subject.   It  was  therefore 
chosen. 

The  object  pf  the  work  was  to  make  a  series  of  cubes 
of  concrete  under  varying  conditions  of  temperature,  and  to 
compare  the  strengths  of  these  cubes  with  those  of  a  series 
of  standard  cubes  which  had  been  prepared  under  ideal  condi- 
tions. 

The  work  was  divided  into  three  sections,  first, 
preliminary  work,  in  which  the  percentages  of  voids  in  the  sand 
and  stone  were  determined,  and  also,  in  which  proportions  the 
concrete  would  be  the  densest.  The  second  section  of  the  work 
consisted  of  the  actual  making  of  cubes  and  cylinders,  with 
the  densest  mixture  of  concrete.  The  third  and  fiaal  division 
of  the  work  consisted  of  testing  the  aforesaid  cubes  and  cyl- 
inders in  a  testing  machine,  to  find  their  crushing  strength. 

This  percentage  of  voids  in  the  sand  and  stone  was 
fottnd  as  follows:  A  pail  was  first  weighed,  and  afterv/ard 
filled  with  stone.   It  was  then  weighed  again.  Then  water  was 
poured  into  the  pailful  of  stone  until  filled,  when  it  was 
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weighed  again.     Tls  n  a  bucketful  of  water  was  weighed  alone. 

The   ratio   of  the  weight   of  water  required  to  fill  the  voids, 

to  the  weight  of  a  pail  of  water  multiplied  by  100  gave  the 

percentage  of  voids  in  the   stone. 

Veight   of  pail  2.80# 

"  of   stone   and  pail  37.25# 

"  of  stone,   pail  and  water  49.00# 

Weight   of  pail   of  water  27,93# 

"  "      empty  pail  2.80# 

Weight    of  water  25.13# 

Weight   of  water  in  voids        49   -   37.25  =  11.75# 

%  of  voids        11.75  X  100/25.13  =  46. 77^ 

The  percentage   of  voids   in  the  sand  was  found  in 
exactly  the   same  manner  as  above,   the  data  being  as  follows: - 
Wt.    of   sand,  water  and  pail        59.32# 
"        "        "     and  pail  42.00# 

Wt.    of  v/ater  17.32# 

Wt.    of  water  in  pailful        25.13# 

%  voids        17.32  x  100/25.13  r    68. 

In  the  determination  of  the  densest   concrfitte,   three 
mixtures  were  tried,    namely:    l:    i:    2,    l:    2:    4  and  1:3: 5^.      The 
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Tli©  total  v/eight  of  the  concrete  was  kept  constant,  as  was  the 
weight  of  cement  in  each  case.  Different  weights  of  sand  and 
stone  were  used  with  the  different  mixtures.  The  weight  of 
water  used  in  all  cases  was  30^  of  the  weight  of  the  cement. 
The  materials  were  well  mixed  and  rammed  into  a  cylindrical 
Isucket  of  which  the  diameter  and  height  were  known.   Then, 
measuring  the  height  to  which  the  concrete  rose  in  the  buckets, 
its  volume  was  readily  computed.  The  weight  being  constant, 
it  was  therefore  evident  that  the  concrete  which  occupied  the 
least  volume  was  the  densest.  This  was  found  to  be  the  1:2:4 
mixture . 

The  actual  work  of  making  the  cubes  to  be  tested 
was  then  taken  up.   The  first  batch,  known  as  A  and  A,  con- 
sisted of  ten  ordinary  6  inch  cubes  of  1:2:4  concrete.  The 
cubes  were  mixed  indoors,  the  materials  being  at  ordinary  room 
heat  or  about  65  F.   The  lot  designated  by  the  letter  A  was 
placed  outdoors  for  seven  days,  and  then  placed  indoors  for 
seven  days,  being  then  tested.   The  average  temperature  for 

0 

the  period  ir&B^S     ,   the  maximum  being  .J-f-"   and  the  minimum/?-^" 

The  other  lot   of  five,   namely  A.,  was  placed  out- 
doors for  seven  days,   then  indoors  for  seven  days.     At  the 
end  of  this  tine    they  were  again  placed  outside  for  a  week, 
and  then  indoors  for  a  week,  making  a  total  of  four  weeks. 
They  were  then  tested.   Prom  tables  A  and  Aj_,    it  will  be   seen 
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that  the  average  unit  crush.ing  strengtli  of  the  hatch  four 
weeks  old  was  greater  than  that  of  Lot  A.  This  greater 
strength  was  prohahly  due  to  the  greater  age  of  the  cuhes, 
and  to  nothing  else.   It  seems  that  alternately  frost  and 
heat  had  no  effect  upon  the  cuhes  after  the  concrete  was 
once  set. 

In  the  second  lot  of  cuhes  keated  materials  were 
used.   The  mixture  as  before  was  1:2:4,  and  the  concrete  was 
mixed  indoors,  10  cuhes  heing  made.  The  aand  and  stone  were 
heated  to  78  T,  while  the  water  was  150°  P.   Pive  of  the 
cuhes  were  left  indoors  for  a  week,  then  taken  outside  for  a 
week,  and  then  tested.   This  lot  was  known  as  B. 

The  other  lot  of  five  cuhes,  known  asB,  were  al- 
ternated between  indoors  and  outdoors  for  four  weeks,  at 
intervals  of  one  week. 

The  results  of  the  tests  of  these  lots  are  given  in 
tables  B  and  B^.   As  in  A  and  A^,  the  older  concrete  was  the 
stronger,  the  alternation  from  hot  to  cold,  apparently  having 
no  effect  upon  the  strength. 

The  next  two  lots  mixed,  known  as  C  and  C,  were 
mixed  of  unheated  materials  and  out  of  doors.   The  tempera- 
ture of  sand  and  stone  was  35   ,  while  that  of  the  water  was 
45*   . 

Lot  C,  consisting  of  five  cubes,  was  treated  exact- 
ly as  A  and  B  had  been.   Lot  C^^  was  treated  as  A-j^  and  B^^  had 


"been. 

Reference  to  taToles  C   and  O^  still  shows  the   strength 
of  the  older  core  rete  to  he   the  greater. 

In  the   next   lots,    namely  D  and  Dj^,   the  concrete  was 
made   of  heated  material  mixed  oixt:  of  doors.     Each  hatch  con- 
sisted of  five  cuhes.      Lot  D  was  treated  as  A,  B  and  C  had 
heen,    and  lot  D^  was  treated  as  A^,  B^,   and  C^  had  been.      The 
The   results  are  shown  tabulated  in  tables  D  and  D^* 

The  next  work  taken  up  was  the  preparation  of  a 
set   of  standards  under  ideal  conditions.     Two  batches  of  five 
cubes  each  were  made  and  desigmted  as  E  and  Ej^.     Heated  mat- 
erials were  used,   and  the  concrete  was  mixed  indoors.      The 
mixture  was  1:2:4,   being    just   wet  enough  to  be  easily  tamped. 
Lot  S  was  left   indoors  two  weeks,  while  lot  E^^  was  left  in- 
doors for  four    weeks.      The   average  temperature   during  this 
period  was  65     P.    or  about   ordinary  room  temperature. 

As  tables  E  and  E^  show,   the    strength  of  this  con- 
crete was  rather  great. 

One  of  the  cylinders  was  also  made  from  this  batch, 
but    it  was  allowed  to   age.      Therefore   the   results   of  the  tests 
appear  later  on. 

Lots  P  and  Pi  were  also   standards  made   of  unheated 
materials,  mixed  indoors.      They  were  treated  the   same  as  E  and 
B^  and  tested. 
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A  cylinder  was  also  made  from  this  "batch. 

Reference  to  the  talDulated  results  will  show  the 
detrimental  effect  of   frost  upon  the   concrete.      Series  E, 
mixed  under  ideal   conditions,   that    is  with  heated  materials 
and  indoors,    shows  a  much  greater  strength  than  C,  which  was 
mixed  under  the  worst   of  conditions,    and  allowed  to  freeze   and 
thaw  alternately.      None   of  the  cuhes  which  were  exposed  to 
the  action  of  the   cold  approached  the   standards  in  strength. 
Those  mixed  with  heated  materials  showed  "better  results  than 
those  with  unheated. 

Thus  we    see   that   concrete  made   of  warm  materials, 
being  mixed  and  cured  in  a  warm  atmosphere,   far  exceed  almost 
any  other  in  strength.      Cold  materials,  mixed  and  cured  in  a 
warm  place,   form  a  concrete  not  much  "belo?/  the   first    in 
strength. 

Concrete  formed  of  heated  materials  mixed  in  a  warm 
atmosphere  hut   exposed  to  the  action  of  frost  come  next   in 
strength. 
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TEST  OP  ^HOKC  COLlBffiS. 

Description  of  Apparatus  used  in  Measuring  the 
Deflection. 

Two  wrought   iron  rings  were  made   of  one   inch  hy 
one   half  inch  material.     The   ring  was  made  to  a  diameter  of 
alDOut   nine    inches.      At    quarter  poirt  s  on  the    ring   set    screws 
were  placed,    as   shown  on  Pig.    B   (AA)  Plate  V.      A  smaller  size 
set    screw  was  placed  on  the  underneath  surface   of  the  upper 
ring   (Shown  as  B  in  Pig.  B).     Then  a  point  was  located  on  the 
upper  side  of  the  lower  ring  in  plumh  with  the   small  screw. 
Micrometer  was  placed  "between  these  two  points  and  the  length 
measured  at  each  increase   in  the  load. 

Testing  of  Column  A. 

Column  A  had  a  length  of  13  inches  and  a  diameter 
of  6.      The   area  of  the   compression  surface  was  fifty  and  three 
tenths  square    inches.      The  column  was  thirty  five   days  old  at 
the   tinB    of  testing. 

Loads  were   appliad  in  increments  of  aoout   twelve 
hundred  pounds.      The  coliimn  stood  up  to  the  test  until  the 
"breaking   load  was  reached,    seventy-nine  thousand,   flive  hundred 
and   ten  pounds.      No   flaking  occurred  until  the   final  load.      The 
failure  was  characteristic  of  concrete  and  a  sketch  of  the 
failure   is   shown   in  Pig.   A  Plate  V.      The   characteristic  curves 
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for  th,is  coliimn  are   shown  on  Plate  VI.     The  ordinates  of  the 
points  plotted  represent  the   stress  per  square  fouhd  hy  divid- 
ingthe  load  as  recorded  in  tahle   on  Plates  I  and  II,  hy  fifty 
and  three  tenths  the  compression  area.     The  ahsessAs  are 
t. he   strains  found  "by  dividing  the  total  lineal  distortion  in 

inches  hy  the  effective  length,   eleven  inches. 

Column  B  failed   at    a  much  lower  stress.      At   28,480 
pounds  load  flaking  occurred  near  the  upper  surface.     The  fact 
that  the   column  failed  at  such  a  low  stress  as  compared  with 
column  A  was  probably  due  to  the   column  being  eccentrically 
located  with  respect  to    the  pressure  head  of  the  machine. 

Plates  III  and  IV 'refer  to  the   results  of  the  test   on 
column  B  and  Plate  VIII   shows  the   characteristic  curves. 
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